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TNDRODUCEION 


‘This paper describing the methods of recovery and treatment of a sand 
and gravel deposit and the preparat! on of these metérials for’a number of 
special markets is one of a series being prepared by the U. S. Bureau of -Mines. 
It is of:particular interest to those sand and gravel operators who have a sur- 
Plus. of fine sand whica must be sent to waste, both from the point of view of 
equipment. and the variety of markets supplied, and in that it describes. one of 
the few. sand. and gravel plants which have nesonted to hydraulic classification 


Tor. sizing fine sand. 
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the author wishes to acknowledge the assistance of J. R. Thoenen, mining 
engineer of the Bureau of Mines, in the preparation of this paper. | 


oo. _. .. HISTORY 


In the early operation of the deposit sand and gravel for making qmn- 
crete were the only products. Later on the demand for special sands necessi- 
tated separate plant units for their preparation, which was followed by the - 
erection of another ceparate plant for the utilization of the fine sand wasted 
from fae operations, as markets were developed for this material. ‘The 
orese tai s the recult of a-graduel development brought about’ by the necessity 
of producing various special ints or gradings of sands and gravels. 
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1 The pureaa. of Mines will wel coue . reprinting of this paver, provided the 
following footnote acknowledgement is usec: _"Reprinted ace U. §: ‘Bureau of 


Mines Information Circular 6420." 
¢ One of the consulting engineers of the Saseai of Mines: vice ‘President and 


general manager, Menantico Sand and Gravel Co. 
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Previous to the formation of the present company the deposit had been 
worked in a small way for the production of concrete gravel and blast sand. 
In the spring of 1914 the present company toox over the property and con- 
struated an entirely new plant. At that time the only outlet for material was 
& small market for concrete gravel in Atlantic City and a fair market for 
blast sand in New Jerscy and Fastern Pennsylvania. Several sand plants were 
already in operation in this section but they were almost entirely occupied 
in supplying sand to glass factories, foundries, ani for watet filtration. 


The property consists of about 300 acres with a small strean, 
Menantico Creei, running through it close to the western boundary. The 
Pennsylvania Railroad tracks traverse the property on the southern edge so tha: 
excellent transportation is afforded, 


DESCRIPTION OF DEPOSITS 


The deposits. at Millville are all of fing sand and gravel that offer 
no serious difficulty to the operation of a pump dredge. On the property are 
two classes of deposits which are called Highland and Lowland. ‘The Highland 
deposit extends from 10 to 20 feet above water to an average of 20 feet delow 
water level. This deposit has no overburden and supports @ weak growth of 
scrub oak and pine. ‘he Lowland deposit is adjacent to the stream and extends 
from 2 to 5 feet above water to an average depth of. 22 feet below water level. 
The. overburden on this deposit is decayed vegetable matter mixed with sand ard 
forms a black mat from 6 inches to 3 feet in thickness over the deposit. 


PHYSICAL CHARACTERISTICS 


Gravel deposits in all of Southern New Jersey are of small area and 
adjacent to small streams. The gravel itself is unusually small with almost 
none over 2 inches in size, On the other hand, sand of almost every size is 
found in abundance. | | 


The Lowland deposit is comparatively shallow, but consists largely of 
gravel and coarse sand, and was the first deposit worked because it contained 
from 20 to 25 per cent of gravel and about 35 per cent of coarse sand which 
were the only products of value during the early operation of the deposit. 
The balance of fine sand was then considered as waste. 


Chemically, the material shows an analysis of from 96 to 98 per cent 
silica and is uniform throughout. The sand is angular and hard, and the grave! 
is practically all quartz. | 
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PROSPECTING aND EXPLORATION 


The first explorations were by means of test pits dug by } hand. - These’ 
proved of little value as they could only be sunk to a limited depth. a con- 
tract was then made for drilling test holes over that portion of the deposit 
which it was desired to explore, These test holes were put down by hand at a 
contract price of: $1. 50 per foot and spaced approximately 100 feet apart in 
@ach direction. — | a | 


At present the method of prospecting is to dig test holes with a small 
Hayward clam-shell bucket worked by hand. The bucxet digs a hole about 12 
inches in diameter and is used above the water line inside a steél-pipe casing, 
Below the water line a 4-inch pipe is sunk as a casing within which a drill 
tool is operated. This tool is made from a ‘piece of 3inch pipe about 4 feet 
long with one end filed off to a rough cutting edge. A few inches above this 
edge a flap valve is placed opening upward. the tool is suspended from a | 
light tripod by a half-inch rope rumning through a pulley and is operated by 
hand.. Three men are uged in this work and average about 50 feet of drilling 
per day at a cost of 30 cents per linear foot. 


_ CHOICE UF METHOD 


ig? "Originally the seeined proaant was peeaerere gravel and coatse sand | | 
which occurred in the best quantities in the Lowland deposit. The overburden 
being of no value whatever, had to be disposed of as ‘quickly and’ economically - 
as possible, so it was cast Ante the pond formed. by previous workings, - 


In order to use the aeatement taken over in the purchase | of the. property, 
consisting of a Browning locomotive crane and an "a" frame derrick, both. | 
equipped with l-yard bucxets, a screening plant was constructed close to the | 
railroad track and dry plant. The material was dug by the crane and derrick, 
loaded in 4—cubic yard side-dump cars and hauled by a steam locomotive to the 


screening plant. 


The care were dumped into a hopper and the material raised ray. a con- 
tinuous bucket elevator to a jacket screen which separated the sand from the _ 
gravel. The gravel was loaded by gravity e@ther into cars or a storage bin, 
and the sand was discharged into a wash box which separated it into coarse and 
fine sand. The coarse sand was for use ag blast sand and the fine sand was 


wasted. 
The dieposal of this fine sand eventually became an acute problem eo 


some change was neceseary. Then too, by this time, a change in the market was 


evident. «an increased demand for a properly prepared concrete sand was evi- 
dent, as well as a demand for a fine sand that could be used for plastering | 
and brick mortar, .In order to meet this demand it was decided to: penerrc 


revamp the plart. 
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‘Due. to the shallownese of the deposit ana because it contained no 
boulders or large stones, it was decided that a pump dredgé. would handle the 
material cheaper than ary other device. In order to avoid pumoing long dis- 
tances, an inexpensive ecreening plant was built which could be replaced by an- 
other plant in a new location when the. pumping aistance became too great. as 
steam power only was available, the dredge wae constructed to accormodate boil- 
ers and an engine, ard es there vas no way of getting a dredge hull to the 
property it had to be built at the site._ 


In 1926 electric power became available and since the boiler equipment 
was reaching a state where renewals were neceseary it was cecided to equip the 
plant throughout with electric machinery. JInis change was made during 1925 
and the electric machinery hae proven more efficient and lese expersive to 
operate than the steam-operated equipment, | 


During all this time the market was broadening and a demand was appear- 
ing for a greater variety of grades in both sand and gravel. 


The demands were met and in some cases anticinated by the construction 
of new plants for svecial purposes, until at present four plants are in opera- 
tion consisting of a wet~screening plant for the preparation of concrete ire 
concrete sand and fine or plastering sand; a dry plant for the production of | 
blast sand; a re~screening plant for the preparation of filter gravel ; and an 
hydraulic-classifier plant for the preparation of special sands for such pur- 
poses as molding, care, filter, and slate-rubbing sand. ~ 


This last plant was built to utilize the fine cand which had been dis- 
carded as waste during previous operations. she flow sheets of the various 
plants are shown in figures 1, 2, 3, and 4. 


DREDGE 


‘When originally built, the dredge hull had to accommodate a Corliss 
engine and boilers so that it is somewhat larger than is necessary at present. 
The hull is ZO by 70 by 5 feet deep and is built throughout of long-leaf:yellor 
pine. The deck and sides are of 23-inch plance and the bottom plancs are 4 . 
inches thick. aA deck house of galvanized iron covers all equipment. The de- 
taile of this hull are shown.on the accompanying plan (fig. 5). 


The equipment consists of a 12-inch Morris machine Co. sand purp with 
Taylor-Wharton manganese-steel removable liner, side plates, and irpeller. 
The pump is driven by a direct-connected 300-hp. General Electric synchronous 
motor using 400-volt, 3-phase, 60-cycle, current, Synchronous motores were 
selected on account of low initial cost and a power factor affording a 5 per 
cent reduction of current consumvtion, 
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Io eliminate starting troubles the motor is equipped with an automatic 
starter and push-button control so that to stop or start the pump all the 
operator has to do is to push the button. 


For priming there is a 1g inch Nash vacuum pump driven by a 2-hp. motor 
and there is also a 2-inch D.S.V.M. pump driven by a 73-hp. motor which pro- 
vides a water seal to keep sand out of the main bearing. 


| The suction line is suspended from an "al! frame by wire cables and is 
raised and lowered by a hoisting engine driven by a 20-hn. induction motor. 


Current for these small motors and for lighting the boat is furnished 
from.a bank of three 10 kv.a. transformers which reduce the 4,0C9 volts to 220 
volte for the motors and 110 volts for the lighting circuit. 


The dredge is moored to eonvenient points on the shore > by wire cables 
which are paucneeee by hand winches. 


PIPE LINE 


Various types of pipe have been used in the discharge lines, but the 
most satisfactory has been pipe made by the american Rolling Mills Co. of a 
special. analysis steel with welded seams. This pipe is carried wer the water 
on pontoons each 8 by 4 by 25 feet. For convenience in handling, the pipe line 
is generally made up with rubber sleeves about every 40 feet. the pipe line 
is 12 inches in diameter throughout and at the screening plant is carried up a 
si! incline to a a of discharge 32 feet above. the loading track. 


SCREENING PLANT 


The pipe line depenareod-On the narrow end of a fan-shaped spreading 
table which slopes 7/8 inch in 1 foot toward the stationary screens. This 
table is 20 feet wide at the lower end and spreads the material in a thin layer, 


The material flows from this table onto a woven wire screen 20 feet. long and 4 
feet wide. This screen is set at an inclination of about 45° and so located 
that the discharge from the table hits the top of the screen. 


As there is practically no material over 2 inches in size the screen 
used is 2 meshes to the inch of 0.162-inch wire, giving a clear opening of 
0.338 inch. ‘he purpose of this screen is to separate the gravel from the 
sand; the gravel is discharged into a chute which conveys it to 2 parallel re- 
volving screens each 16 feet long and 36 inches in diameter and equipped with 
sand jackets 12 feet long. ‘The purpose of these screens is to remove small 
roots or trash from the gravel and also to screen out any sand not removed by 
the stationary screen, The inner section of the screen is punched metal with 
holes 14 inches in diameter, while the sand jacket is punched with holes 5/16 
inch in diameter. 
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The material passing the inner screen and retained on the sand jacket 
is therefore gravel from 5/16 to 14 in-hes in diameter ana is chuted directly 
into cars, there being no gravel bins at the plant. The sana passing through 
the jacxets enters a hopper from. which it is loaded by gravity into small cars 
which convey it to the dry plant over a narrow-gage track. 


The sand passing the 2-mesh stationary screen is carried into a series 
of sand cones of the Dull type which dewater the sand ard also remove any ex- 
cess of fines which may be present. Tnese cones discharge the dewatered sand 
directly into cars for shipment as concrete send. when fine sand for plaster- 
ing is desired another ecreen similar to the e-mesh screen but with 8-mesh open- 
ings is placed directly ahead of the 2-mesh screen. This screen separates the 
sand into fine and coarse sand. The coarse sand rejected by this 8-mesh screen 
enters a hopper and is loaded by gravity into narrow-gcoge care which take it to 
the dry plant. The fine sand passing the 6&-mesh screen goes to the dewatering 
hoppers and is loaded into cars for shipment as plaster sand. 


To facilitate handling these screens they are made in three sections, 
each 6 feet 8 inches long on woocen frames. 


DRY PLaNtr 


The dry plant is operated to produce blast sand and filter sand which 
are shipped in box cars. The raw material used is the coarse sand produced at — 
the wet plant, which is loaded at the wet plant in 4-cubic-yerd cars on a 3- 
foot gage track and hauled by gasoline locomotive to an elevated trestle and 
dumped on a storage pile. This storage pile covers a concrete tunnel in which 
there is a 24-inch gage track carrying two l-cubic-yard Kopole side-dump cars. 


The sand is loaced into these cars through gates in the roof of the 
tunnel and the cars are then hauled up an inclined trestle by cable to the re- 
ceiving hopper of the dryers. 


There are two rotary-type direct-heat dryers, each with a rated capacity 
of 20 tons per hour, and using low-volatile coal for supplying heat, the con- 
sumption of fuel teing about 15 tons per day in each dryer. The dryers are 
belt driven by a 50-hp. synchronous motor. 


The wet sand is dumped from the Kopple cars into reea hoppers located 
over the dryer furnaces and is fed throuzh a gate into the receiving end of the 
dryers. The dryers maxe 15 r.p.m. and aischarge the dry sand into a hopper. 
From this hopver the sand is picsed up by a bucxet elevator, raised 25 feet, 
and discharged into two parallel revolving screens, each leé reet long and 36 
inches in diameter. Each screen is in 2 sections, the first of which is 
equipped with wire cloth having 5 meshes to the inch anc the ceecond with wire 


cloth having 34 meshes to the inch. 
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The material passing. the 5-resh screen drops into a small hopper and 
is raised, about 10 yoee by a bucket elevator for further. screening. = 


” i ‘The material retained on the 3g-mesh screen is oversize and is dis- 
charged into. a. loading. bin. for market as pea gravel, The material passing the 
33-mesh screen also goes toa storage bin as No. 4 blast sand. a 


The sand which has passed the 5-mesh screen after being eatcea by the 
bucket elevator is discharged into chutes which open onto 4 parallel stationary 
screens, These 4 screens are alike and have triple decks 18 inches wide but 
varying in length. The upper deck, 20 feet long, is of 10-mesh wire cloth. 
Material retained on this ecreen is No. 3 blast sand and is cuted to a storage 
bin. . Ine second deck of the screen is about 30 feet long and is of 16-mesh 
cloth, The material from this screen ig also chuted to ite bin ready for load- 
ing as #2 blest sand. The third deck of the screen ie of 24-mesh cloth and the 
material. retained on this screen is the smallest size or ‘#1 blast sand. It also 
ig. discharged into a storage bin.’ all of these aaa are inside the aaane 

80 that. the sand ‘is kept dry. "s re ee aes 
| . "The sand ‘which passes ‘thr oubh: the Last. screen 1s too: fine for blast 
sand, but 1s chuted into'an inclosed' bin and is sold as a special product for 


use in several different. oleate 


oh Gee 


r 


; The gravity ecreens are Seeenuien in) foals Seen ach “10 ae long and 
mounted: on ‘light wooden frames so that the replacements are easily made. The 
screens have an inclination of” ‘about ase, 80: that the material flows. over them 


Six men: are ‘euntoved tn: thig. tant? a foreman who: is ales the Yocomo- 
tive crane operator,’ an engineer ‘in charge of the motor. room and who operates 
the hoisting engine that: pulls the cars of. raw material from ‘the tunnel; 4 
laborer -who loads and’ discharges tunnel cars; a.laborer who feeds the dryers 
‘and also attends. the furnaces; a laborer. in the screening plant and a ‘latorer 
as helper on the crane. In loading cars. the material - is chuted into the 
hopper of a Pratt box-car loader and. aoe in the car; ‘the loading is com- 
‘pleted he the peeueaee — Be: ode dBSg eos 


CLASSIFIER PLANT 


“0 “Daring: many years of operation a large amount of ‘fine sand a cierea: 
which was looked upon as a waste product. 


- Chemical. and physical. analysis showed that this gana if oneeey graded 
could be- made to meet the. requirements of various industries. 
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As this sand was very fire, anc of course wet, it seemed impossible 
to devise a screening method that wocl. eive satisfactory results. It was de- 
cided to atterpt to get the reouired rcsalts by hydraulic classification. a 
Dlant was designed by ard erectzd under the supervision of Mr. Edmund Shaw, 
using Shaw classifiers and cones. ‘With a féyv minor changes and the addition 
of two Tyler vibrating screens this plant (see se 6) has proved entirely | 
successful. 


The flow gheet ray appear somenhat complicated, but the plant has been 
able to produce several grades of sand that have found a ready market which is 
still being extended. 


The classifier plant was erected 5C feet from the railroad track so 
that material ‘produced. could be. stock-pilcd and ioaded in cars by a crane as 
required. ‘The raw material for this plant is tue waste sand discharged into 
the old worked-out portion of the deposit. «as the material. is fine it can be 
readily. pumped, and a Grinch punp was selected for. this vurpose and mounted on 
a steel hull built at a local shop. dhe pump is belt ariven by a 100-hp. 
synchronous motor and delivers the material through a 6-inch discharge line 
to a conical DORREE at the: ree of the prants 50.feet above the track elevation. 


As the proper ace anes of this plant requires ‘regular. feed the dis- 
charge from the hopver is through a gate, the opening of which can be easily 
regulated, The hopper discharge is. fed to'a 10-resh ‘yler vibrating screen. 
All material retained on this screen ie chuted to a. stock pile and treated in 
the dry plant. The material passing the 10-mesh screen enters. a cone classi- 
fier for preliminary classification (fig. 7). whe spigot discharge from this 
cone enters a Shaw hindered-settling classifier (fig. 8) and is divided into 
two components. The overflow from this classifier unites with the overflow 
from the first cone classifier and all tiis material enters a sécond Shaw’ 
hindered-settling classifier, fhe spigot diecharge from this second classi- 
fier 1g very fine sand and is etock-piled ready for eee as core or foundry 
sand, The overflow of this plassifier is waste. : 


The spigot discharre from the first classifier falls on a iitey: 20- 
mesh vibrating screen. Material retained on this screen is, therefore minus 
10 plus 20 mesh and is stock-piled and used as filter ard molding sand. 


Material passing the 20-mesh screen flows into a third Shaw classifier, 
producing, spigot product of minus 2O plus 25 neers which is sold as pa PLee sage 


The overflow from this classifier passes through 4 Deister-cone baffle- 
Classifiers arranged in series. These reclaim any filter eand carried over in 
the overflow of the third Shaw classifier. The spigot aischarge of these 
classifiers is therefore filter sand, while the overflow is a somewhat finer 
sand which is used in slate cutting and rubbing as well as for foundry work. 
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PILVER-GHAVEL PLaNs 


In order to produce the various sizes of gravel demanded, for filters, 
a small gravel rescreening plant was vuilt. his plant consists of two | 
parallel revolving screens so constructed that’ the punched metal plates can be 
easily changed to accommodate’ the requirements as to size of gravel. The 
plant is 30 feet high, the gravel being raised by bucket elevator to the 
screens, diecharged by gravity to ground storage and loaded into cars by a 
locomotive. crane. | ; oe’. 


| Water sequired in both ‘the “Glassifier ae fin tonerayel plants is. 
supplied by a 6-inch centrifugal pump driven by a 20-hp. General’ Electric 
motor and in order to secure a constant head‘in the classifier plant a tank 
is provided at the top of the plant to which the water is pumped. Each 
Classifier receives water by separate pipe line from this tank... | 


WAGE SCALE 
Per month. 
Foreman - “2 $200. 00 
Watchman 1 ~125.00 » 
a ae ee " Per hour: 
Engineer a $ 0.675 
Mechanic 1 .60 
Pump Runner 1 . 60 
Crane operators <2 259 
Fump Runner 1 200: « 
Engineer... |... 7 55 
Mechanic ne 1200 
Loco. Engrs. 2 .50 
Laborers 5 0 49 
Laborers - 6 - le 40 


“8 os 


Normally the sieriins aay consists of 9s hours, five days per week, 
with 53 hours on Saturdays, work being carried on eee miepaee eye the 
year, | 
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SUmManyY OF COSsrs 
Period covered: eee 


Tons, sand Pere navel Pehused..% 210 000 


Labor inteno ence. 


comer Hue] jsupplies| fotal 
Operating costs | po 


Stripping vy a - — derrick, 


casting overburden into spond $0. 008 30. ( mae 190. $0.001 | $0. 012 
Pumping and sonveying . ft O81} ? ; 13 
Wet screening and loading _ 089 | 149 
Storage —- 005 OL 
Repairs and maintenance 02 ie » 02? 
Miscellaneous expense e 1 0)? 
Total operating cost of pro- 

ducing wet sand | . 16% 346 

Overhead 
Depreciation ne geod Mises aneie aeteciees {apis VeGN eee SRR, 08 
DEOIECION: si icwasstcrieserecetieacaes Te ne eee eeeeead < ee Tree | 013 
DAG escuetiee tees eyoeen see ene: seit eed te tise pea esas ea 01 
INSUPFENCE Ssesntscwtd des meee Sete suri seater eeenee eine Sue am nea seule sae e ater 017 
BOLL INe ees saaisisaieasceiee sar teuts Ipsec ee eeenseeceees sooiiece sek ancare mad eecmatod sensed 04 
miscellaneous overhead crate eee ee eee 01 
Total overhead ..---....ecceeceeeees Pretec e cette eect eter e eee te nsec ec ea ens eeeaecereeeeeees Bi, 
Total costs per ton ...---------+. veers yeti iat Serputuhse sot vewasanemecctesceesenscatt os: - 516 

a a a ee ee 
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DRY PLANT 
SUMMARY OF COSsIs 
Period covered: 1927 
fons produced - 15,509 
Operating costs per ton of ary sand 


| Super- | | Other 
intendence | Buel | supvlies! T 


Goréening ..........;. 
RSS eee eee 
Miscellaneous plant .. 


fotal operating cost 
PP PLBAL 2 cccceves ; 


Operating cost of pro- 
ducing wet sand .... 


Total operating cost.. . 667 ‘ 


Surmary of costs in units of labor, power and supplies 
during an average month 


Labor (man-hours per ton) 


Strivping 0.0215 
Pumping ~ 6 
Screening Pe 8, 
Loading {05 
Track repairs . C2 
Drying 10 
Supervision - O46 
General . 06 


rercentage of lotal Cost - 59 


Power and supplies 


Power, kw.h. per ton 


Pumping 2.04 
wet screening ~ 163 
Drying 3.40 


Cost of other suvclies 
in percentage of total 
cost - ol 


Power and supplies, percentage of total cost - 41. 
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ADMINISTRATIVE ORGANIZATION 


General manager 


Super intendent Office manager 


2 men 


Pumping and wet screening Haulage 

Ory~piant Classifier Miscellaneous 

foreman 

Foreman 
2 locomotive 
i 
fas Steels engineers 6 men 2 men poked 
operator plant track-repair, 
] it 2 men maintenance, 

} man 8 men 10 men 


Google 


